INTRODUCTION
Elevated intravascular pressure increases the radius of blood vessels, which leads to considerable increase in blood flow. Contrarily, decreased intraluminal pressure results in insufficient blood perfusion. As the transitions in intraluminal pressure and subsequent surplus/lack of blood flow cause vascular rupture, edema, or ischemia, small arteries or arterioles (generally < 200 μm of internal diameter) exhibit an intriguing autoregulatory mechanism in response to change in intraluminal pressure to regulate local blood perfusion, minimize capillary hydrostatic pressure, and modulate peripheral vascular resistance [1] . This arterial autoregulation, called the 'myogenic response', is defined as intrinsic vascular behavior which elicits vasoconstriction or vasodilation when intraluminal pressure increases or decreases, respectively [2] . The myogenic response is referred to as the inherent properties of vascular smooth muscle cells (VSMCs) since myogenic responsiveness is independent of endothelial cells (ECs) or neurohumoral modulation [1, 3] . Abnormal regulation of the myogenic response has been observed in various cardiovascular or metabolic disorders such as subarachnoid hemorrhage, diabetes, congestive heart failure [4] . In this context, as impaired myogenic respon-attention as drug targets.
A major culprit of morbidity and mortality in older individuals is largely related to cardiovascular diseases [5] . Advancing age has been demonstrated to cause functional and structural alteration in vascular beds including vascular wall remodeling or excessive vascular stiffness [6] . It has been established along with aging that increased reactive oxygen species (ROS) in the VSMCs and ECs lead to impairment of nitric oxide signaling, increased inflammatory responses, up-or down-regulation of transcriptional factors regulating VSMC proliferation [7] . In contrast to advancing age, physical activity has a plethora of beneficial effects on the cardiovascular system [8] . It has been investigated that exercise training markedly reduces coronary artery diseases, hypertension, and heart failure-mediated morbidity and mortality [9, 10] . Thus, exercise intervention may act as a primary or secondary prevention and treatment for cardiovascular diseases. In regard to the arterial autoregulaton that is crucial for the regulation of local blood flow, specific mechanisms by which myogenic responsiveness is impaired with advancing age have not yet fully defined. In addition, whether and how regular physical activity restores the impaired myogenic reactivity in elderly individuals still remains poorly understood. This review has focused on briefly describing intracellular signaling pathways for the myogenic response and how the autoregulation is affected by aging and exercise training.
MOLECULAR MECHANISMS UNDERLYING THE MYOGENIC RESPONSE
For over 100 years, numerous studies in vascular biology have continually sought to investigate intracellular signaling for the myogenic response. Despite these efforts, how the intriguing myogenic responsiveness operates in physiological or pathological circumstances is still unclear. As far as is known, myogenic reactivity is comprised of several processes as follows: mechanosensitive ion channels, receptors, extracellular proteins, and cytoskeletal proteins sense mechanical stresses on vascular wall following changes in intraluminal pressure. [38] . Next, as for pressure-induced cytoskeletal reorganization, dynamics of actin thin filament has been focused as another Ca 2+ -independent mechanism underlying the myogenic response. Contractile α-actin filaments have been known to anchor to focal adhesion complexes under integrins embedded in the plasma membrane [39, 40] .
Actin cytoskeleton reorganization (i.e. transition from globular α-actin to filamentous α-actin) following alteration in intraluminal pressure is obligatory for myogenic reactivity as globular α-actin level is found to decrease along with increase in intraluminal pressure and actin polymerization inhibitors (e.g., cytochalasins, latrunculin) significantly diminish pressure-induced vasoconstriction in cerebral or skeletal muscle arterioles [18, 41] .
Collectively, the myogenic autoregulation of small arteries and arterioles for the regulation of local flood flow and peripheral resistance is an intriguing outcome of integrity of diverse signaling pathways (Fig. 1 ).
trical stimulation [43] . Further, it has been demonstrated in human study that elderly individuals have lower leg blood flow and vascular conductance during submaximal-intensity exercise, compared with those of young subjects [44] . In regard to this, a decline in physical performance has been suggested to be due, in part, to age-dependent impairment in myogenic responsiveness [45] . Indeed, myogenic reactivity has been reported to decrease with advancing age in mesenteric, cerebral, and skeletal muscle arterioles [46, 47] .
Muller-Delp et al. [45] have found that skeletal muscle arterioles isolated from rat soleus muscle (predominantly composed of oxidative muscle fibers) and gastrocnemius muscle (referred to as glycolytic muscle fibers) have a greater myogenic vasoconstriction in young rats compared to those in old rats. The impaired myogenic reactivity with advancing age is not limited to the microcirculation of rodents. Diminished pressure-induced vasoconstriction with aging has been shown in human skeletal muscle arteries [48] . Retinal arteriole autoregulation during exercise (i.e. lifting weights) has been investigated and suggested to be less in elderly individuals [49] . With respect to the decline in myogenic constriction, it has been hypothesized that aging-mediated attenuation of myogenic response is related to alteration in activity of voltage-dependent (Kv) and/or BKCa channels [50] . The activation of K + channels ex- [47] . However, at the relatively high intravascular pressure (i.e., 140 mmHg), myogenic responsiveness of the cerebral arteries has shown to be significantly lower in old mice, compared to that in young mice. Springo and colleagues [47] applied pulsatile intravascular pressure (pulse pressure frequency: 450/min, pulse pressure amplitude: 40 mmHg) to mimic physiological circumstance. In contrast to static intravascular pressure, it was found that pulsatile pressureinduced vasoconstriction is markedly impaired with advanced age. It is suggested that the inappropriate autoregulation of proximal resistance arterioles causes distal cerebral microcirculation to be exposed high intraluminal pressure and subsequent vascular injury [47] . Previous studies showing the negative effects of advancing age on arterial myogenic response are summarized in Table 1 
EXERCISE-INDUCED RESTORATION OF IMPAIRED MYOGENIC REACTIVITY WITH ADVANCING AGE
Intrinsic autoregulation of resistance arteries and arterioles in response to changes in blood pressure plays crucial roles in regulation of local blood flow and peripheral resistance in animals and humans [1] . It has been delineated that the ability of resistance arteries and arterioles to modulate vascular contractility for the satisfaction of appropriate local blood perfusion is enhanced by exercise training [57] . To examine intracellular mechanisms by which exercise ameliorates the myogenic response in porcine coronary resistance arteries, PKC-mediated signaling pathways for myogenic vasoconstriction has been paid attention [57] . PKC has been well-established to regulate the myogenic response through L-type Ca 2+ channel activation, Ca 2+ sensitization, and actin polymerization [38, 58] . In this study, coronary arteries isolated from animals involved in Based on previous work [57] , it may be assumed that regular physical activity improves age-related impairment of myogenic response. Indeed, it has been found that treadmill exercise training (15 meter/minute, 15
incline, 20-60 min/day, 5 days/week, 10-12 weeks) consistently enhances myogenic responsiveness in skeletal muscle arterioles isolated from young (4-6 month old) rats and interestingly restores the attenuation of pressureinduced vasoconstriction with advancing age [46] . The restored myogenic vasoconstriction in old (22-24 months old) rats was largely similar to that in young control rats. It has been demonstrated that an increase in Kv channel activity is responsible for a reduction in myogenic vasoconstriction with advancing age [50] . As previously described, K + efflux through Kv channels leads to membrane hyperpolarization and vasodilation. Thus, it is suggested that aging-induced increase in Kv channel activity diminishes myogenic vasoconstriction of skeletal muscle arterioles in old rats [50] . Consistent with this interesting findings, Ghosh and colleagues have elucidated that exercise training elicits Kv1 channel adaptation (i.e. presumably decreases in channel activity and/or expression), thereby restoring arterial myogenic responsiveness from old rats [46] . However, despite those novel studies [46, 57] , the mechanisms underlying exercise-mediated enhancement of the myogenic response remain poorly understood. Therefore, further investigations into the role of exercise training in the myogenic response are needed. In addition, it may be worth investigating whether physical inactivity (e.g., bed rest) deteriorates activities of biological machineries that are involved in the myogenic autoregulation and whether the impaired myogenic response by physical inactivity could be restored by exercise training. 
